Objectives. Patients with pancreatic ductal adenocarcinoma (PDA) receiving FOLFIRINOX often develop oxaliplatin-induced polyneuropathy, which limits the continuation of this therapy. We evaluated the efficacy and safety of FOLFIRI maintenance treatment after FOLFIRINOX induction in a retrospective single-center study. Methods. Patients with advanced PDA treated with FOLFIRI as maintenance therapy after achieving disease control under FOLFIRINOX according to the local operating procedure between 2011 and 2016 were identified. Medical records of this group were evaluated retrospectively. Results. Overall, 22 patients with PDA were treated with FOLFIRI (mean age 59 years, 55% female, 45% male). Before receiving FOLFIRI, all patients were treated with FOLFIRINOX for a median of 4 months. e median progression-free survival (PFS) under FOLFIRI maintenance therapy was 8 months. Side effects grade 3-4 (CTCAE v4.0) were observed in 18% of patients receiving FOLFIRI. Considering together FOLFIRINOX induction and subsequent FOLFIRI maintenance therapy, the median PFS was 11 months. e median overall survival (OS) from the beginning of palliative treatment was estimated at 46 months. Conclusions. In the selected group of PDA patients achieving disease control with FOLFIRINOX, FOLFIRI maintenance therapy was feasible, safe, and effective, with some patients achieving long-term disease stabilization.
Introduction
Pancreatic ductal adenocarcinoma (PDA) is a substantial health concern and socioeconomic burden responsible for the loss of nearly one million quality-adjusted life-years (QALYs) per year in Europe [1] . In 2017, PDA has overtaken breast cancer in the EU as a third leading cause of cancer-related death and is estimated to become the second most common cause of cancer-related mortality in 2030 [2, 3] . Despite a considerable improvement of the 5-year survival rate reached during the past decades for most malignancies, the advancements for PDA (5-year survival: 2% in 1975 to 6% in 2009) were less remarkable [4] . e prognosis of PDA is still very poor: only 10-20% of patients are diagnosed at an early stage to receive curative intended resection and most of them experience recurrence following pancreaticoduodenectomy (PD) [5] .
Since 2011, the FOLFIRINOX regimen is recommended and widely used as first-line treatment for patients with inoperable PDA in good performance status (ECOG score 0-1) [6] [7] [8] [9] . With FOLFIRINOX, a median progression-free survival (PFS) of 6.4 months and improvement of life quality in comparison to single-agent treatment with gemcitabine was proven [9, 10] . However, treatment with FOLFIRINOX is associated with high rates of grade 3/4 toxicities including neutropenia (46%), diarrhea (13%), and sensory neuropathy (9%) [9] . According to our experience, neutropenia and diarrhea are usually manageable, whereas oxaliplatin-induced polyneuropathy often precludes the further administration of FOLFIRINOX.
In our GI-oncology department, early withdrawal of oxaliplatin and continuation of FOLFIRI represents a standard strategy for PDA patients with increasing oxaliplatin-induced polyneuropathy achieving disease control with FOLFIRINOX.
To the best of our knowledge, this is the first report on efficacy and safety of FOLFIRI as a maintenance treatment for PDA patients after induction chemotherapy with FOLFIRINOX.
Materials and Methods
Between January 2011 and December 2016, 72 patients with histologically confirmed, nonresectable PDA were treated with FOLFIRINOX (oxaliplatin 85 mg/m 2 d1, irinotecan 180 mg/m 2 , leucovorin 400 mg/m 2 , 5-fluorouracil 400 mg/ m 2 , 5-fluorouracil 2400 mg/m 2 46 h; qd15) at our site. According to our therapeutic standard, concomitant supportive medication with dexamethasone 8 mg, palonosetron 0.25 mg and atropine 0.25 mg was administered. Furthermore, most patients (86%) received a prophylactic administration of recombinant long acting (pegylated) granulocyte-colony stimulating factor (G-CSF). Second-line or maintenance therapy could be performed in 46 of 72 patients (64%). Following disease progression, common second-line regimens were gemcitabine/nab-paclitaxel, gemcitabine alone, and gemcitabine/erlotinib (Figure 1) . In some patients, additional individualized strategies such as radiotherapy or proton therapy were performed. In 22 patients achieving disease control on FOLFIRINOX, oxaliplatin was withdrawn at the individual physician's choice due to increasing peripheral neurotoxicity. Subsequently, FOLFIRI (irinotecan 180 mg/m 2 d1, leucovorin 400 mg/m 2 , 5-fluorouracil 400 mg/m 2 bolus, 5-fluorouracil 2400 mg/m 2 46 h; qd15) was continued until tumor progression. Records of all the 22 patients receiving FOLFIRI maintenance therapy at our center were retrieved and reviewed retrospectively. erapy response was assessed by contrast-enhanced CT-scans every 3 months and rated according to the RECIST v1.1 criteria. ese treatment data were last updated in August 2018. In addition, missing survival data of the included patients were obtained from the clinical cancer registry of Saxony-Anhalt. However, due to a software actualization, the last update for the dates of death was possible in November 2017. All data were entered, analyzed, and represented graphically using Microsoft Excel ® . e survival data were estimated using the Kaplan-Meier method. Patients were censored at the time of last follow-up. erapyassociated adverse events were assessed in accordance with the current CTCAE v4.0 guidelines [11] .
Results
Mean age at diagnosis of PDA was 59 years (range 37 to 74 years, median 60.5 years). ere were 12 (55%) female and 10 (45%) male study participants ( Table 1 ). All patients were in good general condition. At therapy start, 77% were rated as ECOG performance score 0 and 23% as 1. Most patients (82%) had at least one chronic comorbidity. Among them, arterial hypertension with need of drug treatment was the most common (55%). One female patient had HNPCC syndrome with history of ovarian carcinoma.
e most common indication for FOLFIRINOX chemotherapy was a primarily metastatic PDA (55%), whereas the proportion of patients with locally advanced disease, local recurrence, and systemic relapse after PD was 14%, 23%, and 9%, respectively. e predominant primary tumor localization was the pancreatic head (50%). Oxaliplatin was discontinued after a median of 4 months (range 2 to 6 months), mostly because of increasing peripheral neuropathy (Table 2) . Two patients developed grade 3 polyneuropathy. All patients received a minimum of 5 and a maximum of 12 cycles FOLFIRINOX. Before switching to maintenance therapy, 5 patients (23%) showed stable disease, 16 (73%) had partial response, and 1 patient (5%) complete response according to the RECIST v1.1 criteria.
e median progression-free survival (PFS) under FOLFIRI therapy was 8 months (Figure 2 ). e longest PFS was observed in a 76-year-old woman with continuous FOLFIRI treatment in the past 61 months (Table 3 ). e median PFS under FOLFIRINOX and subsequent FOLFIRI maintenance was 11 months. Overall, 4 (18%) patients developed adverse events higher than grade 2 on FOLFIRI. Hematologic side effects were the most common with both neutropenia and anemia in 14% of the patients. In 6 patients, a protocol modification with dose reduction to 75% or interval prolongation to 21 days was necessary. In half of the patients receiving FOLFIRI, G-CSF therapy was still necessary in order to avoid delays in the chemotherapy schedule. All included patients experienced progressive disease over time. e most common regimen following FOLFIRI was gemcitabine/nab-paclitaxel (64%, Table 3 ).
e median overall survival (OS) from the beginning of the palliative treatment was 46 months (Figure 3) . e majority of patients included in the present analysis (59%) are still alive.
Discussion
Herein, we provide for the first time data on safety and efficacy of FOLFIRI maintenance therapy in patients with advanced PDA achieving disease control with the FOL-FIRINOX regimen.
erapeutic options for patients with nonresectable PDA are limited. According to the current guidelines, both FOLFIRINOX and gemcitabine/nab-paclitaxel represent effective first-line options for patients with good performance status (ECOG score 0-1) [6, 7] . However, there are no studies comparing these regimens and no objective criteria for an individual selection of chemotherapy are available. us, the choice of the first-line regimen and of the dose-intensity to administer is often made based on patients' age, general condition, and comorbidities as well as the side-effect profile of the regimens.
For second-line therapy of PDA, the data are even more scarce. In Europe, after a gemcitabine-based first-line therapy, the NAPOLI regimen (nal-irinotecan 80 mg/m 2 ; leucovorin 400 mg/m 2 ; 5-fluorouracil 2400 mg/m 2 46 h; qd15) is approved for second-line treatment [12] . With respect to patients with progressive disease after a fluoropyrimidine-based therapy (i.e., FOLFIRINOX), no approved regimens are available. Due to the lack of options in this indication, gemcitabine/nab-paclitaxel is often offered as second-line treatment (off-label use) to patients with still good performance status.
Published experience with FOLFIRI maintenance therapy after FOLFIRINOX for PDA is limited to a case report describing long-term response to FOLFIRI in a patient with metastatic PDA [13] . us far, no recommendation has been generated from the current guidelines on how to treat patients with disease control on first-line FOLFIRINOX [6] [7] [8] .
In clinical practice, FOLFIRINOX is usually administered until tumor progression or appearance of compromising side effects. Neurotoxicity is the most frequent dose-limiting toxicity of oxaliplatin, leading to an often irreversible damage of peripheral nerve fibers which may even aggravate after withdrawal of the drug [14] .
us, a continuous monitoring of polyneuropathy, weighting beneficial cytostatic activity, and side effects is mandatory.
Data concerning maintenance therapy in patients with metastatic PDA achieving disease control on FOLFIRINOX are limited to 2 French studies [15, 16] and the POLO trial. In the first French retrospective study, patients with PDA (n = 30) and disease control after 4 to 8 cycles of FOLFIRINOX were switched to oral capecitabine (2,000-2,500 mg/m 2 d1-14; qd22). Safety of capecitabine was generally good with hand-foot syndrome being the most relevant adverse event (16.6% > grade 2). e median interval to tumor progression (PFS) on capecitabine maintenance therapy was 5 months. e second French study, the PRODIGE 35/PAN-OPTIMOX phase II randomized trial, investigating maintenance therapy for metastatic PDA after FOLFIRINOX induction, was presented on the ASCO annual meeting of 2018 and is still not fully published [16] . Patients were randomized to receive FOLFIRINOX over 6 months (arm A, n = 91) or FOLFIRINOX induction for 8 cycles (4 months) followed by 5-fluorouracil/leucovorin maintenance therapy (leucovorin 400 mg/m 2 d1, 5-fluorouracil 400 mg/m 2 , 5-fluorouracil 2400 mg/m 2 46 h; qd15) and FOLFIRINOX reinduction at disease progression (arm B, n = 92). No relevant difference in PFS and OS was observed between arm A and B. Interestingly, an even higher rate of severe neurotoxicity (>grade 2) was observed in arm B (19% vs. 10%). e median time of tumor control (PFS) on 5-fluorouracil/leucovorin after FOLFIR-INOX induction was 3.3 months. Due to the limited PFS observed in the PRODIGE 35/PANOPTIMOX study for patients on maintenance therapy with 5-fluorouracil/leucovorin, an early reescalation to FOLFIRINOX was often necessary, leading to both a higher cumulative oxaliplatin dose and a higher rate of severe neurotoxicity. Compared to the published data on capecitabine and 5-fluorouracil/leucovorin maintenance therapy, a longer median PFS (8 months) was observed in our patients receiving FOLFIRI. is effect may be attributable to the 3-drug chemotherapy without renouncing to the topoisomerase inhibitor.
e recently published randomized, placebo-controlled, phase 3 POLO trial evaluated the efficacy of olaparib as maintenance therapy in the selected subgroup of patients who had a germline BRCA1 or BRCA2 mutation and metastatic PDA and disease that had not progressed during first-line platinum-based chemotherapy [17] . BRCA mutations predict inter alia an improved treatment response to platin containing chemotherapy [18] . Germline BRCA1 or BRCA2 mutations were detected in 7.5% of the screened patients with metastatic PDA. More than 80% of study participants received FOL-FIRINOX variants before randomization. e median PFS for patients receiving olaparib was significantly longer than in the placebo group (7.4 months vs. 3.8 months) and similar to that observed in our patients receiving FOLFIRI. However, with respect to OS, an interim analysis, at a data maturity of 46%, showed no difference between the olaparib and placebo groups (median, 18.9 months vs. 18.1 months).
A similar median overall survival (17 months) was observed in the study investigating capecitabine maintenance therapy. In our cohort, a median OS of 46 months was estimated according to Kaplan-Meier. e reliability of our data is limited because the majority of the studied patients are still living and therefore censored in the survival estimation ( Figure 3) . However, even assuming that all censored patients had died at time of the analysis, the median OS would be 26.5 months, which is quite longer than that in the capecitabine maintenance therapy study.
One may argue that the survival benefit seen in our study is related to the inclusion of patients with locally advanced disease which have presumably a better prognosis compared to those with distant metastases [19] . However, similar PFS was observed between the groups with locally advanced and metastatic disease (9 vs. 7 months).
According to our retrospective evaluation, FOLFIRI maintenance therapy is feasible, safe, and effective, with some PDA patients achieving disease control for a very long period.
us, it is worth testing FOLFIRI maintenance therapy in a prospective trial. To identify patients who benefit the most from the maintenance therapy with FOLFIRI, the trial design should include a comprehensive biomarker program in order to assess the association of biomarkers with efficacy outcomes. 
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